We present the results of a study aimed at assessing the differences in the distribution of rotation speeds, N (v sin i) among young (1-15 Myr) B stars spanning a range of masses 6 < M/M ⊙ < 12 and located in different environments: 7 low density (ρ < 1 M ⊙ /pc 3 ) ensembles that are destined to become unbound stellar associations, and 8 high density (ρ ≫ 1 M ⊙ /pc 3 ) ensembles that will survive as rich, bound stellar clusters for ages well in excess of 10 8 years. Our results demonstrate (1) that independent of environment, the rotation rates for stars in this mass range do not change by more than 0.1 dex over ages t ∼ 1 to t ∼ 15 Myr; and (2) that stars formed in high density regions lack the cohort of slow rotators that dominate the low density regions and young field stars. We suggest that the differences in N(v sin i) between low and high density regions may reflect a combination of initial conditions and environmental effects: (1) the higher turbulent speeds that characterize molecular gas in high density, clusterforming regions; and (2) the stronger UV radiation fields and high stellar densities that characterize such regions. Higher turbulent speeds may lead to higher time averaged accretion rates during the stellar assembly phase. In the context of stellar angular momentum regulation via "disk-locking," higher accretion rates lead to both higher initial angular momenta and evolution-driven increases in surface rotation rates as stars contract from the birthline to the Zero Age Main Sequence. Stronger UV radiation fields and higher densities may lead to shorter disk lifetimes in cluster-forming regions. If so, B stars formed in dense clusters are more likely to be "released" from their disks early during their PMS lifetimes -2 -and evolve into rapid rotators as they conserve angular momentum and spin up in response to contraction. By contrast, the majority of their brethren in low density, association forming regions can retain their disks for much or all of their PMS lifetimes, are "locked" by their disks to rotate at constant angular speed, and lose angular momentum as they contract toward the ZAMS, and thus arrive on the ZAMS as relatively slowly rotating stars.
Introduction
There is growing evidence that the distribution of rotation speeds of B-type stars depends on the environment in which the stars formed. More than two decades ago, Wolff, Edwards and Preston (1982; hereafter WEP82) noted that the average rotation speed for B stars in the relatively dense Orion Nebula Cluster (Orion Id in the notation first introduced by Warren and Hesser [1977] ) is significantly higher than that found for stars of similar type located in much lower density regions of the Orion star-forming complex (Orion Ia, Ib, Ic) . Moreover, examination of Figure 7 of WEP82 reveals that the B stars in Orion Id lack the cohort of slow rotators (v sin i < 50 km/sec) found in abundance in Orion Ia, Ib and Ic.
At about the same time, Guthrie (1982) studied late B-type stars in 13 clusters and found that the distribution for cluster stars was bimodal with one peak at v sin i < 50 km/sec and a second peak at v sin i ∼ 225 km/sec, while the distribution of rotational velocities for field stars peaked at v sin i < 50 km/sec and declined monotonically with increasing rotation rates: a result consistent with that of WEP82.
More recently, Strom, Wolff, and Dror (2005) examined the distribution of rotation speeds in the bound galactic clusters h and χ Per (age ∼ 13 Myr; Slesnick et al. 2002) , with the goal of testing whether these very dense regions are, like Orion Id, also characterized by rapid rotation. From observation of 216 stars in h and χ Per spanning types B0 through A0, these authors concluded that: (1) the distribution of projected rotation speeds, N(v sin i), for stars of types B8-A0, which have evolved little from the Zero Age Main Sequence, exhibits a mean value more than twice that of field star analogs of comparable age; the h and χ Per sample also lacks the cohort of slow rotators (v sin i < 50 km/sec) common among field stars, most of which likely originate in low density, unbound OB Associations; (2) the rotation speeds among h and χ Per members among earlier spectral types, which have begun to evolve significantly from the ZAMS, are also higher than for their field counterparts; however, the difference in mean rotation speeds is less. The basic trends observed for h and χ Per thus confirm those initially reported in WEP82 for the Orion star-forming complex. Other recent studies (Huang and Gies 2006a; Dufton et al. 2006 ) also find fewer slow rotators among the cluster B-type stars relative to nearby B stars in the field.
Two explanations have been offered for the differences in the rotational velocity distributions of the cluster stars as compared with the field stars. The first proposes that the fiducial field star samples are on average older than their cluster counterparts. Such an age difference, combined with the decrease in surface rotation rate expected as a consequence of expansion and/or angular momentum loss via stellar winds could account naturally for the observed patterns of rotation speeds between the two cohorts. A second possibility is that the differences in rotational velocities reflect differences in initial angular momenta or early angular momentum evolution related in some way to the environment in which cluster and field stars formed initially. Current theory provides a plausible framework for explaining the observed trends. Specifically, Konigl (1991) and Shu et al. (1994) (see also Paatz and Camenzind 1996) suggested more than a decade ago that initial stellar angular momenta are established during the primary stellar accretion phase via locking of stellar angular velocity to the angular velocity of the circumstellar accretion disk at or near the radius, r(m), where the stellar magnetosphere links to the disk. That radius is set by the balance between the dynamical pressure of accreting material and the magnetic pressure of the magnetic field rooted in the forming star. For a fixed stellar magnetic field strength, the higher the accretion rate through the disk, the smaller the r(m), the higher the Keplerian rotation speed of the disk at r(m), and hence the higher the angular rotational speed of the star. Hence, if accretion rates are higher in the regions that give birth to high density bound clusters, the resulting stellar population would be expected to exhibit higher rotation speeds on average.
Recent work suggests that accretion rates during the stellar assembly phase may indeed be higher in regions that give birth to stellar clusters. McKee & Tan (2003) and Elmegreen & Shadmehri (2003) both note that dense stellar clusters form in molecular complexes characterized by very high gas surface density, as well as by close packing of protostars and star formation efficiencies high enough to ensure the formation of a bound cluster. These authors argue that the turbulent velocity of the gas in these regions is likely to be high as well, thus requiring that star-forming cores have high initial densities in order that self-gravity exceed internal thermal plus turbulent pressure. High initial densities in turn lead to short protostellar collapse times (t collapse ∼ ρ −1/2 ) and as a consequence, high time-averaged accretion rates during the stellar assembly phase.
In this contribution, we extend our study of the relationship between observed rotation speeds and density to six young clusters and OB associations (ages 1-5 Myr). Our goals are first to establish whether the distribution of stellar rotation speeds in dense, bound clusters differs significantly from that characterizing unbound associations and the field, and second to understand whether these differences reflect the effects of stellar and/or angular momentum evolution or initial conditions. We focus here on stars in the spectral type range B0.5-B3 primarily because (1) such stars are intrinsically luminous and can be observed to large distances, thus opening the possibility of examining rotational velocity distributions in extragalactic star-forming regions characterized by even higher densities than h and χ Per; (2) we expect that the effects of winds and internal mixing on the evolution of surface rotation speeds will be modest compared to their more luminous O-star counterparts; and (3) the role of macroturbulent line broadening in these stars is also negligible in comparison with O stars. We will combine our new results for these six clusters and associations with results in the literature for stars in the same mass range that are members of the expanding associations Sco-Cen, I Lac, and Orion Ia, b, and c.
The combined sample of newly-measured rotation speeds and extant published results allows us to examine evolutionary and environmental trends for stars with a range of ages from 1-15 Myr drawn from both dense, bound and low density, unbound groups of stars. Our approach will be (1) to examine the observed surface density of stars in each of the sample clusters and associations to assess whether their constituent stars formed (a) in relatively long-lived clusters that are likeliest to form in regions characterized by high star-forming efficiency, high stellar density, and high turbulent speeds, or (b) in expanding associations, formed in regions characterized by lower star-forming efficiency, lower density and lower turbulent speeds; such stars are likely over time to join the population of field B stars; (2) to assess the magnitude of evolutionary changes among stars of different ages but born in regions of similar density; and (3) to compare the distribution of apparent rotation speeds, N(v sin i) for stars born in bound clusters and unbound associations.
The Samples
The previous studies cited above, as well as many others, have established that the distribution of rotational velocities for early B stars in any given cluster or association is broad, with individual stars having projected rotational velocities as low as a few km/sec and as high as ∼ 400 km/sec. Therefore in order to establish whether or not there are statistically significant differences in the rotational velocity distributions of stars of different ages or in different environments, we need fairly large samples. The studies of galactic OB associations by Massey & Thompson (1991) , Massey, Johnson, & DeGioia-Eastwood (1995), and Hillenbrand et al. (1993) provide good source lists along with photometry and spectral classification of early type stars. We have obtained new values of v sin i for early B stars in several of these associations and have supplemented our new observations with previously published values for members of the nearby expanding associations in Orion, Scorpio-Centaurus (Sco-Cen), and Lacerta. Unbound associations are presumably the types of regions that give rise to field stars, but in contrast to individual field stars, an accurate age can be estimated from the H-R diagram for each association.
New Observations and Data Reduction
The B stars for which we obtained new spectroscopic observations were members of NGC 6823, NGC 7380, IC 1805, NGC 2244, NGC 6611, and Cyg OB2 and were selected on the basis of observed colors, spectral types, and membership studies by Massey & Thompson (1991) , Hillenbrand et al. (1993) , and Massey, Johnson, & DeGioia-Eastwood (1995) . Our primary selection criterion is color. To be included in our sample, a star's unreddened Q color must fall within the range −0.86 < Q < −0.46, where Q = (U − B) − 0.72(B − V ); this color range corresponds approximately to the spectral type range B0.5 to B3. For NGC 6611 only, observations were obtained in 2005 May, with the Hydra multiobject fiber spectrograph on WIYN. In conjunction with an echelle grating and an order separating filter, these observations yielded spectra with R ∼ 20,000 spanning the wavelength range 4450 to 4590Å. Within this wavelength range, the only line useful for measuring rotation for early B stars is He I 4471Å, for which we measured the full-width half-maximum (FWHM).
For many of the same stars in NGC 6611 and for the stars in the other associations, we obtained WIYN-Hydra observations that cover the wavelength range 4070-4580Å at a resolution of R ∼ 5000 (0.75Å). These observations enable measurement of projected rotational velocities, v sin i > 50 km/sec, and an upper limit of 50 km/sec for stars rotating more slowly. The spectra were extracted and calibrated in wavelength by Kim Venn.
For the lower resolution (R ∼ 5000) data, values of projected rotational velocities were obtained from measurement of FWHM for He I 4387Å and 4471Å, with the occasional inclusion of Mg II 4481Å when its strength was comparable to that of the helium lines. It is important to note that the FWHM of He I 4471Å is sensitive not only to rotational velocity but also to gravity for stars in the spectral type range B0.5 to B3. For example, models by Daflon & Cunha (private communication) indicate that at T ef f = 25000 K, a calibration of v sin i in terms of FWHM for stars characterized by log g = 3.5 is offset by 50 km/sec from the calibration for stars having log g = 4.5. Hence, in deriving v sin i values from measured FWHM, it is essential that sample and calibrator stars have comparable surface gravities. With the exception of NGC 6823, in which the stars have a range of ages from 2-7 Myr, the stars in all of our clusters are estimated to be less than 5 Myr old (Massey et al. 1995) . These young stars have typical surface gravities in the range log g ∼ 4.0-4.2 (Dufton et al. 2006; Huang & Gies 2006b ). We have used 18 stars in two of these young clusters (IC 1805 and NGC 2244) as calibration stars. Values of v sin i for this cohort were derived by Huang & Gies (2006a) , who used the stellar atmosphere code TLUSTY and the radiative transfer code SYNSPEC (Hubeny & Lanz 1995) to construct a grid of helium line profiles for surface gravities appropriate for their nominal age (t ∼ 1-3 Myr) and for a range of rotational velocities. We have used the values of v sin i derived from their analysis to establish a relationship between FWHM and v sin i for our data. Figure 1 compares the values we have derived with those of the calibrators and with measurements of other large samples: NGC 6611 stars by Dufton et al. (2006) , NGC 1805 and NGC 2244 by Huang & Gies (2006a) , and NGC 2244 by Verschueren (1991) and reported on WEBDA (available at http://www.univie.ac.at/webda/webda.html). The standard deviation of a single measurement from a 45 degree straight line is 27 km/sec. This uncertainty compares favorably with the value of 35 km/sec derived from a comparison of values quoted by Huang & Geis (2006a) and Dufton et al. (2006) respectively for main sequence B1-B3 stars in NGC 4755 and NGC 3293; both of these studies used model atmospheres and profile fitting to derive the values of v sin i. We conclude that our derived values of v sin i are both calibrated to a scale established from comparison with models and have comparable uncertainties for a single measurement.
Our results are summarized in Table 1 , which lists for each star in our sample: the Webda number, or in the case of Cyg OB2, the number from Massey & Thompson (1991) , position, spectral type, if available, and photometry from Massey & Thompson (1991) , Hillenbrand et al. (1993 ), or Massey et al. (1995 , and our value of v sin i. Given the generally good agreement between our values and those of Huang and Gies and Dufton et al. we have also included in Table 1 their measurements of v sin i for those stars in IC 1805, NGC 2244, and NGC 6611 that fall within the specified color range and which we did not observe.
Extant Observations for Additional Clusters and Associations
In order to increase the sample of rotational velocity measurements for stars located in low density environments, we have supplemented our newly obtained v sin i values with data already available in the literature for several nearby associations: I Lac, Sco OB2, and Orion I. For the three subgroups in Sco OB2 (Upper Scorpius, Upper Centaurus-Lupus, and Lower Centaurus Crux), we have taken the membership data from the Hipparcos census by deZeeuw et al. (1999) . UBV photometry is not available for all of these stars. Therefore, we have used the relationships between Q and T ef f given by Massey et al. and Lyubimkov et al. (2002) to estimate that −0.46 > Q > −0.86 corresponds approximately to 4.17 < log T ef f < 4.45, and have used the values of log T ef f from deGeus, deZeeuw, & Lub (1989) to determine which stars to include in our sample. We have taken the rotational velocities for these stars primarily from Brown & Verschueren (1997) , supplemented by some additional data available from the Simbad databases for stars in Upper Sco.
For I Lac, we have again taken the membership list from deZeeuw et al. (1999) . Most of the listed rotational velocities come from the compilation of Abt, Levato, & Grosso (2002) ; the remainder are from the Simbad database. We included all the B1-B3 stars as well as those stars for which later spectral types are quoted, but which have UBV colors from the Simbad database that place them within the specified color range −0.46 > Q > −0.86 that defines the limit of our sample.
The Orion a, b, and c associations are also well studied, and the data on members have been taken from Brown, deGeus, & de Zeeuw (1994) . Because this paper provides effective temperatures for stars rather than UBV colors, we have again selected those with 4.17 < log T ef f < 4.45. Orion d has too few B stars with v sin i values to yield a sample of interesting size and is not included here.
As an example of old, dense clusters, we have included rotational data for h and χ Persei from Strom, Wolff, & Dror (2005) , again limiting our sample to stars with −0.46 > Q > −0.86 according to the photometry from Slesnick, Hillenbrand, & Massey (2002) .
We list in Table 2 the star designations and the values of v sin i culled from the literature for stars located in Sco OB2, I Lac, and Orion.
While the data in the literature are somewhat heterogeneous and may not cover exactly the same mass range as the data for the associations for which Massey et al. obtained photometry, the differences are likely to be small. Fortunately observations have shown that both the average values and the distributions of v sin i vary slowly with mass (Abt, Levato, & Grosso 2002; Huang & Gies 2006a) for B stars, and any slight differences in the mass boundaries established for each region will not affect our analysis. There is also sufficient intercomparison among the various rotation papers to show that their velocities are on the same scale to within ∼ 10%.
Identifying Candidate Bound Clusters and Unbound Associations
In order to characterize the environments in which the stars included in our sample formed, we list in Table 3 : 1) the name of the parent cluster/association; 2) its distance; 3) its age; 4) the total number of early B stars in our specified mass range from the membership lists obtained as described above (note that v sin i has not been measured for all of the stars in the defined mass range; that is the explanation for the fact that the numbers of stars in Table 3 do not match the numbers listed in Tables 1 and 2 ); 5) the median distance in degrees of the B stars in our sample from the center of the cluster; the location of the center is estimated by calculating the average position of the ensemble of B stars; 6) the median radius in pc; 7) an estimate of the total mass of the cluster; and 8) an estimate of the density of the cluster.
The distances for the subgroups in Sco OB2 and I Lac are from deZeeuw et al. (1999); the ages for the Sco OB2 subgroups are from de Geus, deZeeuw, & Lub (1989) and for I Lac from Blaauw (1964) ; for Orion a, b, and c the ages and distances are from Brown et al. (1994) ; for h and χ Per from Slesnick, Hillenbrand, & Massey (2002) ; for Cyg OB2 from Massey & Thompson (1991) ; for NGC 6611 from Hillenbrand et al. (1993) ; and for the remaining associations from Massey et al. (1995) .
One of the advantages of the mass range we have chosen here (approxmately 6-12 M ⊙ according to the model atmosphere analyses of Lyubimkov et al. 2002 , or approximately spectral types B0.5-B3) is that the lists of members in this mass range should be essentially complete because these stars are among the brightest in the clusters and associations surveyed. Moreover, the level of contamination from foreground or background objects is expected to be insignificant as well. We further expect that all of the stars formed initially in this mass range will still be within the main sequence band in the HR diagram. The estimated main sequence lifetime for a 12 M ⊙ star is 16 Myr (Schaller, Schaerer, Meynet, & Maeder 1992) and for a 9 M ⊙ star is 26 Myr; all of our associations and clusters are younger than 16 Myr, and most are less than half this age.
To calculate the total mass of the cluster, we have assumed that the stars in the mass range 6-12 M ⊙ constitute 5.5% of the total mass of the complete population of stars spanning the range 0.1-100 M ⊙ . This is approximately the fraction derived whether we use the Salpeter (1955) mass function or the Miller & Scalo (1979) function. One check on the robustness of our estimate is provided by the study of h and χ Per (Slesnick, Hillenbrand, & Massey, 2002) who estimate the total mass of the stars with M > 1 M ⊙ in h and χ Per to be 3700 and 2800 M ⊙ , respectively. According to both the Salpeter and Miller-Scalo mass functions, about 60% of the mass is contributed by stars with M < 1 M ⊙ . If the Slesnick et al. estimate is extended to 0.1 M ⊙ , then their estimated masses become 9200 and 7000 respectively or about 60% of the values we derive here based on the number of stars in the range 6-12 M ⊙ . Another check is provided by the work of Weidner & Kroupa (2006) who have used the same photometric data as we have for NGC 2244 and NGC 6611 to estimate total masses of 6240 M ⊙ and 20,000 ± 10,000 M ⊙ for these two associations, respectively. Our values are 7800 and 25000. If we apply our method to Orion d, we estimate the mass in stars to be 2000 M ⊙ , which compares well with the value of 1800 M ⊙ derived by Hillenbrand & Hartmann (1998) from star counts. These estimates suggest that extrapolations from a small number of early type stars to total mass can lead to answers differing by no more than 40%, presumably a result of the combined effects of Poisson statistics, small differences in the adopted relationship between colors and mass, and estimates of incompleteness as a function of magnitude.
In order to identify candidate bound clusters and unbound associations, we make use of the definition for bound clusters adopted by Lada and Lada (2003) : stellar ensembles comprising more than 35 members and having a density exceeding 1 M ⊙ /pc 3 . This definition rests on the classic work of Spitzer (1958) who showed that the lifetime of a stellar ensemble is inversely proportional to its density, under the assumption that tidal interactions with interstellar clouds is the primary mechanism for disrupting the cluster. Specifically, t dissipation ∼ 2 × 10 8 ρ cluster years, where ρ cluster is expressed in units of solar mass/pc 3 . Examination of the estimated densities tabulated in column 8 of Table 3 shows a natural division between candidate bound clusters (with typical densities ranging from 4-400 M ⊙ /pc 3 , and hence survival times t ≫ 10 8 years), and unbound associations, with typical densities ranging from 0.05-0.7 M ⊙ /pc 3 and corresponding survival times from a few tens of millions of years to ∼ 10 8 years.
6. Analysis
Evolutionary Effects
The first step in the analysis is to determine whether there are any systematic changes in rotation as stars age. If there are, then stars must be closely matched in age before we can evaluate environmental effects. In order to test for evolutionary effects, we divided the stars into four groups: young, low density; old, low density; young, high density; and old high density. The cumulative distributions of rotational velocities for samples matched in density but different in age are shown in Figures 2 and 3. The age difference between the young and old stars in the low density regions is from 2-6 Myr for the young stars to 11-16 Myr for the old stars. Typical ages for the young stars in the high density regions are 1-5 Myr, while the older stars are from h and χ Per and have an age of nearly 13 Myr. A K-S test indicates that the probability that the distributions for the two different age groups of low density associations are drawn from the same parent sample is 0.15; for the two age groups of high density regions, the probability is 0.02. In other words, the differences in the distributions of the stars in low density regions are too small to be significant, and the differences in the two age groups of stars in high density regions are only marginally significant. Furthermore, even if the small differences in distributions are interpreted as real, the direction of rotational evolution is different in the two cases: the stars in the low density regions appear to speed up slightly, while the stars in the high density regions appear to slow down with increasing age. Therefore, we conclude that there is little evidence for evolutionary changes in rotation in the mass range observed here. If we accept the difference shown in Figure 3 for the two age groups of stars in high-density regions as real, then we can estimate an upper bound of ∼ 0.1 dex for the change in rotational velocity over an age range of 12 Myr.
Our conclusion that evolutionary effects are small in this mass range is in agreement with previous observational studies by Huang & Gies (2006a, b) and with models by Meynet & Maeder (2000) and Heger & Langer (2000) . In order to look for evolutionary effects, Huang & Gies (2006a) divided their sample of early-type stars drawn from 19 clusters into two groups. There was no evidence of rotational evolution for stars in the first group, those with masses M < 9 M ⊙ . For the higher mass stars in the second group, which extended to spectral type O9 and therefore to somewhat higher mass than our study, a comparison of cumulative distributions for different age groups also showed no evidence for rotational evolution. In a subsequent study, Huang &Gies (2006b) assigned ages to individual stars in their cluster sample, and for their group with 8.5 M ⊙ < M < 16 M ⊙ found only a modest change in mean v sin i from 134 km/sec for stars near the ZAMS to 106 km/sec for stars nearing the terminal age main sequence (TAMS), a result in approximate agreement with that reported above for the high density regions. The lowest mass treated by the two sets of model calculations cited above is 12 M ⊙ , comparable to the highest mass stars in our B0.5-B3 cohort. For a star of 12 M ⊙ , both groups predict that a ZAMS star rotating at about 200 km/sec will be rotating about 25% more slowly or at about 150 km/sec when it reaches the TAMS. Furthermore, the percentage change in rotational velocity is nearly independent of the initial value. For a large sample, the average rotational velocity < v >= (4/π) < vsini > and so the predicted percentage change in v and v sin i are the same. Therefore, in Figure 3 , which is a logarithmic plot, we would expect to see a constant shift of 0.1 in the log, which is approximately consistent with the data for the stars in dense regions.
As we shall see, an evolutionary effect of this magnitude, even if real, would not account for the differences in the v sin i distributions of stars in high and low density environments. For the subsequent analysis, we will therefore group all of the stars in low density environments, independent of age, to compare with the stars formed in high density environments, again grouped without consideration of age.
Environmental Differences
In Figure 4 we plot the cumulative velocity distributions for stars formed in low and high density environments. A K-S test indicates that the probability that these two datasets are drawn from the same parent sample is 0.001. The difference between the distributions for the stars formed in high density environments and field stars is even larger as shown in Figure  4 . The chances that these two distributions are drawn from the same parent distribution are less than 0.00005. In other words, the differences in the distributions for the stars in the three different types of regions are highly significant and are unlikely to have occurred by chance. In order to establish the field star sample, we have used the data for single stars from Abt et al. (2002) as tabulated by Strom et al. (2005) ; we have used the calibration between the Stromgren index c 1 and T ef f as given by Lyubimkov et al. (2002) to limit the field star data to the same temperature range as the data on stars in dense associations. Figure 5 shows the histograms for stars in the three different types of environments. Note that the primary difference is the large number of slowly rotating stars (v sin i < 50 km/sec) in the low density regions A number of other studies are consistent with this result in that they find that clusters lack the large number of stars with v sin i < 50 km/sec that are common among field stars. Because the field stars are not currently members of clusters, they must have formed in low-density, unbound regions. Recent examples include the study by Keller (2004) , who found that cluster stars in the LMC rotate more rapidly than LMC field stars; the survey by Huang & Gies (2006a) , who reported that only about 17% of the stars in their 19 clusters had v sin i < 50 km/sec as compared with the 30% of field B stars with v sin i < 50 km/sec (Abt et al. 2002) ; and the study of massive stars by Dufton et al. (2006) , who found that fewer than 10% of the stars in NGC 3293 and NGC 4755 had apparent rotational velocities less than 50 km/sec, as compared with 40-50% of a comparable field star sample. The systematic differences in the cumulative distributions shown in Figure 4 persist to high values of v sin i but become progressively smaller until the distributions converge near a maximum value of ∼350 km/sec. This is illustrated very nicely by the independent data of Dufton et al. (2006) for NGC 3293 and NGC 4755. Because the critical velocity for stars in the mass range surveyed here exceeds 500 km/sec (McSwain & Gies 2005) , gravity darkening is likely to play only a modest role in reducing the apparent line-broadening (Townsend, Owocki, & Howarth 2004) and in any case was taken into account in the survey by Huang & Gies (2006a) , which we relied on for calibration. Therefore it appears likely that nearly all early B stars rotate at rates significantly less than critical and that the upper limit on rotation is nearly independent of environment. This is consistent with the study of Be stars by McSwain & Gies (2005) , who found no correlation between the fraction of Be stars and cluster density.
While we have examined v sin i distributions only for early B stars in the current paper, other studies show that the more rapid rotation of cluster stars is characteristic of cooler B stars as well (Dufton et al. 2006; Strom et al. 2005) 
Role of Initial Conditions
Following the arguments put forth by Strom, Wolff, & Dror (2005) , we suggest that the observed differences in the distribution of projected rotation speeds among early B-stars in high density, bound clusters and low density unbound associations could reflect differences in the initial and/or environmental conditions that characterize cluster-and associationforming regions. In the discussion that follows, we focus on the formation of single stars. While one might also expect the formation of binaries to depend on environment, there are not yet either enough data or sufficiently well developed models to examine the issue of binary formation, its dependence on environment, or its effect on stellar rotation.
There appear to be two significant differences between regions that form bound clusters and unbound associations. First, the surface density of cluster-forming molecular clumps is Σ ∼ 1 gm/cm 2 . In contradistinction, regions such as the Taurus-Auriga or Orion A molecular clouds, which harbor widely distributed populations of forming stars that are likely to disperse as natal molecular material dissipates, exhibit much lower surface densities (Σ ∼ 0.03 gm/cm 2 ; McKee & Tan 2003). The assertion that regions of high surface density form bound clusters finds strong support from the work of Plume et al. (1997) who note that the observed bolometric luminosity (L bol ) to total mass (M clump ) ratio in high surface density clumps implies star-forming efficiencies SFE ∼ 50%, comparable to the SFE required for emerging stellar groups to remain bound following the dissipation of natal molecular material (see, for example, Lada, Margulis, & Dearborn 1984); lower surface density clumps are by contrast characterized by much lower values of L bol /M clump , suggesting much lower SFEs (∼ 5%), too small to produce gravitationally bound ensembles. Second, the higher surface density, putatively cluster-forming clumps appear as well to be characterized by higher turbulent speeds (e.g. Plume et al. 1997) . Turbulent speeds in such clumps can reach values of 5-10 km/sec as compared with the values of 1-2 km/sec characteristic of the low surface density molecular clouds that appear to form loose associations (e.g. Taurus-Auriga).
In order to relate environmentally-driven differences in initial conditions to stellar rotation, we need a model for the star formation process. There is growing evidence (see, for example, Cesaroni et al. 2006; Beuther & Shepherd 2005 ; and references therein) that stars in the mass range studied here (up to 12 M ⊙ ) are formed in the same way as lower mass stars: from infalling material located in a rotating protostellar core channeled starward through a circumstellar accretion disk, with the flow of material from the inner regions of the accretion disk toward the stellar surface mediated by a magnetic field rooted in the star. We will refer to this process as magnetically mediated accretion (MMA).
Transporting a large fraction of the mass of a forming star through an accretion disk transports angular momentum as well. As a consequence the forming star should quickly spin up to near breakup rotational velocity. The prediction that forming stars should be rotating at breakup (Durisen et al. 1989 ) is not, however, borne out by observations of either T Tauri stars or intermediate mass stars, most of which are rotating an order of magnitude or so below the breakup velocity. The classic paper that attempted to reconcile the predicted nearbreakup speeds of newly-formed stars with observation is by Konigl (1991) , who proposed that a significant spin-down torque could be applied to the star if there were a magnetic connection between the star and disk. Various modifications of this idea have been proposed (see, for example, Shu et al. 1994; Long, Romanova, & Lovelace 2005) . Matt & Pudritz (2005a) have argued that the steady-state disk-locked model described in the original paper by Konigl cannot be correct because differential rotation between the disk and star will cause the field lines to open. This reduces the spin-down on the star and results in faster rotation than predicted by the steady-state model. As an alternative Matt & Pudritz (2005b) have argued that a stellar wind can carry away sufficient angular momentum to ensure that the accreting star rotates slowly.
Whatever the details of the process, the papers by Konigl (1991) , Shu et al. (1994) , Long et al. (2005) , and Matt & Pudritz (2005b) all yield the same dependences for the rotational velocity;
where M is the mass of the star,Ṁ acc is the accretion rate, B is the magnetic field strength, and R is the radius of the star. Wolff et al. (2004) have shown that this relation with reasonable assumptions forṀ acc and B can account for the trend in the upper bound of angular momentum per unit mass, J/M, for stars in the mass range 0.1-10 M ⊙ . Using somewhat different parameterizations, Long et al. (2005) and Matt & Pudritz (2005b) indicate that the typical rotational velocity should be about 0.2 times breakup. Observations show that the median rotational velocities of stars in the mass range 0.1-50 M ⊙ are indeed in the range 0.1-0.2 times the breakup speed (Wolff et al. 2006 ).
If we accept this model for the formation of stars in the mass range 6-12 M ⊙ surveyed here, then the variables that might influence rotation rates in different environments are (a) the magnetic field strength; (b)the accretion rate; and (c) the length of time over which stars contracting toward the main sequence are kept from spinning up as consequence of angular momentum transfer from the star to the accretion disk and/or to an accretion driven disk or stellar wind. Since we have no information about magnetic field strengths in early B stars, we will focus on the other two possibilities: accretion rates and disk lifetimes.
There is theoretical justification for the suggestion that accretion rates may be higher in dense environments. As noted above, cluster-forming molecular clumps appear to have higher turbulent speeds (Plume et al. 1997 ). In turn, higher turbulent speeds require that individual star-forming cores within the clumps have higher initial densities in order that their self-gravity overcome the higher turbulent pressures characterizing the cores. As noted in the introduction, higher initial core densities lead to shorter collapse times and higher time-averaged accretion rates during stellar assembly (McKee & Tan 2003) . Given that the intial rotation speed on the birthline varies directly withṀ acc 3/7 , higher time-averaged accretion rates are expected to lead to higher initial stellar rotation speeds in cluster-forming clumps.
A second factor, which could play a major role in the determining the rotation rates of low mass stars, is the length of time over which the disk survives. In low mass stars, there is evidence that disk lifetimes can range from no more than a few hundred thousand years to several million years (Haisch, Lada, & Lada 2001) . The cohort of rapidly rotating (v sin i ∼ 200 km/sec) solar-like stars among main sequence stars are thought to be the descendants of the pre-main sequence stars that were released early from interaction with their natal accretion disks, and then conserved angular momentum, and spun up as they completed their contraction to the ZAMS. By contrast, the cohort of slowly rotating main sequence stars (v sin i ∼ 10-30 km/sec) are thought to be the descendants of stars that continued to lose angular momentum through interaction with an accretion disk until their contraction was nearly completed (see, for example, Rebull, Wolff, & Strom 2004; Herbst & Mundt 2005) . Environment may play a crucial role in determining disk lifetimes and hence outcome distributions of rotation speeds. More specifically, the environment of a rich cluster is particularly hostile to the long term survival of disks. First, rich clusters are the regions most likely to have significant numbers of closely packed O stars (Weidner & Kroupa, 2006) that can contribute to rapid disk erosion via photoevaporation (Johnstone, Hollenbach, and Bally 1998; Shen & Lou 2006) . Second, gravitational interactions in such dense clusters can be effective in disrupting disks through tidal stripping (Pfalzner, Olczak, & Eckart 2006) . The sense of both effects is to reduce disk lifetimes in cluster-forming environments, and as a result to produce a larger cohort of more rapidly rotating stars.
It is important to note, however, that the pre-main sequence evolutionary time scales for the intermediate mass stars studied here are very short. For example, a 7 M ⊙ star takes only about 500,000 years (Siess, Dufour, & Forestini 2000) to evolve from the stellar birthline to the ZAMS. If these stars are formed with accretion rates similar to those that characterize the main assembly phase for low mass stars (10 −5 M ⊙ /yr; Palla & Stahler 1992), then the accretion disks for the stars in our sample must survive until the star completes its contraction to the main sequence simply in order to build the star to the observed mass. The detailed modeling by Palla & Stahler, for example, shows that at this accretion rate, stars with M ∼ 8 M ⊙ are already on the main sequence when the accretion ends. After the star reaches the main sequence, contraction is completed, and no further spin up is possible after disruption of the disk.
If, on the other hand, the accretion rate is higher in cluster-forming regions and a 7 M ⊙ star is formed at an accretion rate of 10 −4 M ⊙ /yr, then it will contract by about a factor of four from its initial radius following its depostion on the stellar birthline at the end of the main accretion phase, to its final radius on the ZAMS (Siess et al. 2000 ; see also Norberg & Maeder 2000; Behrend & Maeder 2001; McKee & Tan 1993 ). While we do not know the rotation rate for 6-12 M ⊙ stars near the birthline, we do have data for stars of somewhat lower mass (M ∼ 2 M ⊙ ) shortly after they reach their birthline and are deposited high on convective tracks ; their apparent rotational velocities range from 10-50 km/sec. Lower mass (M < 2 M ⊙ ) T Tau stars on convective tracks, typically rotate at about 0.1-0.3 breakup (Stassun et al. 1999) . If the more massive stars formed in clusters also emerge from the main accretion phase rotating at 0.1-0.3 breakup but well above the ZAMS (as expected for accretion rates ∼ 10 −4 M ⊙ /yr) then a factor of four spin up would be sufficient to leave very few stars rotating at less than 50 km/sec, as is observed for stars in rich clusters and associations.
In summary, in the context of MMA, the cohort of slowly rotating B stars in the mass range 6-12 M ⊙ must have retained an interaction with their accretion disk essentially until they completed their contraction to very close to the main sequence, either because they were formed from cores characterized by low time-averaged accretion rates, or because the continued presence of a disk kept them from spinning up as they contracted to the main sequence. The absence of slow rotators in dense, cluster-forming regions would then, via this reasoning, result from a combination of the following factors: 1) formation from cores characterized by higher accretion rates, producing higher initial rotation rates when the main accretion phase ceases; and 2) contraction from larger radii at their initial positions on the stellar birthline, resulting in greater spin up as they contract to the main sequence; or 3) rapid photoevaporation or tidal dissipation of a disk, thereby terminating "disk locking" during contraction toward the ZAMS.
Summary
In this paper we have shown that the distributions of v sin i, N(v sin i), for B stars depend on environment, with stars in rich clusters rotating on average more rapidly than stars formed in expanding associations and field stars. The primary difference between the N(v sin i) distribution is found among stars with v sin i < 50 km/sec: rich clusters lack the large cohort of very slowly rotating stars found in the field. We have also shown that the observed values of v sin i for stars in the mass range 6-12 M ⊙ change very little over the age range spanned by our survey, which is about 12 Myr. Earlier studies had speculated that the differences between the cluster stars and the field stars might be attributed to systematic differences in age and loss of angular momentum as the stars aged, but we find that this is not the case.
We propose instead that stellar ensembles that survive as bound clusters likely form in high surface density clumps, characterized by high star-forming efficiencies, high turbulent speeds, short core collapse times, high time-averaged accretion rates during stellar assembly, with a consequent bias toward high rotation speeds. Early disruption of disks via photoevaporation or tidal stripping may also be a factor in producing rapidly rotating stars in regions that give birth to stellar clusters. By contrast, the tendency to form a large cohort of slow rotators among B stars born in regions destined to evolve into unbound associations may well reflect the lower rotation speeds that would result from (a) lower surface densities and lower turbulent speeds, and lower time-averaged accretion rates characterizing such regions, along with (b) the fact that the disks around these stars are less likely to experience early disruption through interactions with neighbors or radiation from nearby O stars.
Whether or not these proposed explanations for the observations are correct, our basic result: that B stars in bound clusters lack the cohort of slow (v sin i < 50 km/sec) rotators characteristic of their brethren in low density, unbound associations, appears to require a causal link between initial conditions in star-forming regions and initial stellar angular momenta. Understanding this link would appear essential to developing a comprehensive understanding of the factors which control not only stellar angular momenta, but perhaps other critical properties (e.g. the initial mass function) in different star-forming environments.
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